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ABSTRACT 

An analysis of seismograms of 2b  small events (HL <_  5.8) recorded at a 

world-wide networK of 10 stations, and of 26 large events (TIL,  M , or secondary 

u^ >^ 7.0) recorded at a world-wide network of 16 stations, yielded an estimate 

of the coda decay characteristics for events in the distance interval 103-118°. 

For times greater than the arrival time for the PP phase, large event codas 

are about 0.11 n^ units greater than small event codas at corresponding times 

into the codas.  This supports the hypothesis that large p/ents are multiple 

events, and the period of source activity is estimated to be 1 to 2 minutes. 

Two sets of average coda decay curves, one each for large and small events, 

are given for the following distance intervals:  103-105°, 105-110°, 110-115°, 

and 115-118°. 
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INTRODUCTION 

The coda analyses pres ented in this report complement our previous 

studies of P and PKP codas for earthquakes (Cohen et al., 1972; Sweetser 

et al., 1973), and specifically detail coda characteristics in the distance 

interval 103 to 118J.  Earlier sf. ies performed using seismograms recorded 

at a network of Worldwide Standard Seismograph Stations (WWSSS) did not 

adequately define coda charrf-e'-:!sties in this interval, especially for 

small events (NOS ITL <_  5.8) recorded at distances where P,.ff is the first 

arrival.  Because coda determinations are often used to determine how öfter 

signals from one event are masked in ihe coda of another event, it is 

necessary to have a complete set of coda observations with which to predict 

coda for a specified event.  The purpose of this report, then, is to augment 

our present coda observations (Sweetser et al., 1973) with information on 

large- and small-event coda characteristics in the distance interval 103 to 

118°, 

-1- 
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ANALYSIS TECHNIQUES 

The methods used to determine coda decay characteristics, and to 

determine quantitatively the difference in coda levels for large ami small 

events, are described by Sweetser et al. (197 3).  Because coda characteris- 

tics are determined primarily by the arrival times and relative amplitudes 

of significant secondary phases, events are grouped by the distance inter- 

vals given in Tables 1 and II. 
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TABLH   I 

P-Coda  Distance   Intervals 

1. 0 -   5° 

1. 5 -   10° 

3. 10 -   14° 

4. 14 -   16° 

5. 16 -   21° 

6. 21 -   22° 

7. 22 -   24° 

8. 24 -  2r5
0 

9. 26 -   29° 

10. 29 -   31° 

11. 31 -   42° 

12. 42 -   53° 

13. 53 -   50° 

14. 56 -   59° 

15. 59 -   03° 

lb. 63 -   67° 

17. 67 -   72° 

18. 72 -   79° 

19. 79 -   84° 

20. 84 -   9 8° 

21. 9 8 -   10 3° 

22. 10 3 -   105° 

23. 105 -   110° 

This   Report 
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TABLli   II 

PKT-Coda  Distance   Intervals 

1. 110 - 115° This Report 
-) <- • 115 - 118° 

3. 118 - 127° 

4. 127 - 13b0 

5. 13b - 140° 

6, 140 - 145° 
n 
1 . 145 - 155° 

8. 155 - 100° 

9. 166 - 180° 

.4, 
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Let. X    be the average small-event coda amplitude at the i'th time 

m. 

Then: 

and 

point; 

be the number of individual coda values at the i'th time point 

which went into the deter ination of X ; 

be the standard deviation i f the individual small-cvei t coda 

determinations at the i'th time point; 

be the average large-event coda amplitude at the i'th time 

point; 

be the number of individual coda values at the i'th time 

point which went into the determination of Y ; 

be the standard deviation of the individual lar^.e-event coda 

determination at the i'th time point. 

...T. 

8 - p 
i=l 

where P is the number of time points for v»liich corresponding large event and 

small event average coda determinations are available. 

To compute the associated t-statistic, we Mist first determine the 

standard deviation of the mean difference, arl 

!       i     1/2 

1=1 '"i  i=l "i 

S   r  1  ,  r  1 

^=  P  /, m, + X   n, 

where 

2  i=l 

P       o    P 

I (m.-l s^ 4  ) (n -1 s 
,  i   x,   ,'-  i 

i  1=1 
P P 
I   (mi-l) t V  (n.-l) 

1=1 1=1 

Ttien: 

t-2-- 
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It should be noted that the standard deviations of the mean i Iterences 9^ 

shown by Sweetser et al. (1973, page 42) are Incorrect; the correct values 

for their work are shown in Table IX. 

Sweetser et al. (1973), using average coda determinations, found that 

the greater the event magnitude, the highe.- it, the relative amplitude level 

at any given time for elapsed times greater than 10-20 seconds into the 

coda.  Specifically, large-event codas were, on 11.3 average, about 0.14 in 

units higher in relative amplitude than corresponding relative amplitudes 

in small event codas.  This suggested that large events are multiple events, 

and the corresponding period of source activity for a large event sequence 

was estimated visually to be on the order of 1 to 2 minutes. 

An analysis of the differences In the large- and small-event codas for 

the codas shown in Appendix I is given in Table X.  Statistically, of the 

four data sets examined, three show the large-event codas to be significant!' 

larger than the small-event codas at the 95% confidence level (one-sidtd 

t-test). Only the 0.1" HL units difference found In the distance Interval 

115-118°, however. Is in close agreement With  the 0.14 m units average 

dliference found In our earlier work.  i'hal the difference is due probably 

tj the low signal-to-noise ratios observed on th» seismograms rather than a 

real difference in coda behavior.  Small events especially in the shadow 

zone, which are generally recorded with low slgnal-to-noise ratios, tend to 

yield high coda determinations throughout the coda relative to the maximum. 

This biases the average coda determinations lor small events upwards, 

thereby lessening and apparently eliminating. In some cases, the 0.1-0.2 m 

units difference In large- and small-event codas which was observed in our 

earlier work.  A thorough explanation of this effect is given by Sweetser 

et al. (1973).  The signal-to-noise problem is particularly bad in the 

distance interval 105-110°, where the first arrival Is a weak emergent, 

diffracted P phase (Pj.^).  As shown hv Sweetser and Blandford (1973), the 
dli t 

amplitude of the PH,ff in this Interval Is reduced on the order of 0.7 m^ 

units over the amplitude of the t  phase at distances of about 100° (Figure 1); 

thus unless an event had a magnitude RL « i.h-S.H, we found It difficult to 

-13- 
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TAB LI: IX 

Coda Difference Analysis 

(Modified after Sweetser ct al., 1973) 

(Observations at t) and 10 Seconds Hliminated) 

DISTANCE 
INTERVAL 

AVERAGE 
DIFFERENCE** 

IN MLAN CODA,! 

(mb) 

STANDARD 
DEVIATION .s*** 

t-VALUL 

OBSERVATIONAL 
PAIRS 

DEC. FREEDOM 

42-53° 0.16 0.0 5 5.90* 460 

53-50° 0.02 0.05 0.37 90 

56-59° 0.09 0.05 1.88* 87 

59-63° 0.25 0.04 6.87* 234 

63-67° 0.09 0.0 3 3.32* 173 

67-72° 0.11 0.02 4.82* 312 

72-79° 0.13 0.0 2 6.11* 385 

7i--84° 0.17 0.03 6.06* 220 

84-93° 0.13 0 .02 8.25* 682 

9 8-10 3° 0.03 0.0 2 1.09 lit 
110-115° 0.0 5 0.0 3 1.87* 69 

118-127° 0.08 0.02 3.64* 199 

127-136° -0.11 0.0 1 -13.72* 16 5 

136-140° 0.19 0.0 4 4. 39 * 46 

140-145° -0.11 0.04 -3.00* 47 

145-155° 0.28 0.03 8.7 3* 65 
155-166° 0.14 0.0 2 Ö.72* 49 

*Significaat at the 95o confidence level tor a one-sided 

t-test; critical test value is 1.64. 
** Values   rounded  to  the  nearest   hundredth« 

-14 
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TAILE X 

Coda Difference Analysis 

fObservations at 0 and 10 Seconds Eliminated) 

DISTAiNCE 
INTERVAL 

IN 

AVERAGE 
DIFFERENCE 

MEAN  CODA 
(mb) 

,!** 
STANDARD 

DEVIATION, 
(mb) 

-V* t-VALlll* 

OBSERVATION Al 
PAIRS 

DEC.   FREEDOM 

103-105° 0.04 0.01 8.00 240 

105-110° 0.04 0.01 7.87 2lJ4 

110-115° -0.02 0.01 -3.33 226 

115-118° 0.17 0.01 28.92 251 

*Significant at the 95% confidence level for a one-sided 

t-test; critical test value is 1.64. 

**Values rounded to the nearest hundredth. 
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obtain accurate determinations of P..-- coda decay characteristics. 
dill 

Similar prohleras are encountered ior the t  arrivals for events at distances 

between 103-105°, and for the KIKP arrivals for events at distances between 

110° and 112°. 

The problem of low si>',nal-to-noise ratios in the r inj^e 10}-11HJ is much 

less prononned for I'l' arrivals than for P..-- or PKIK? arrivals (Figur« 1). 
dl I t 

We expect, therefore, that a comparison of codas for PP and later phases 

would bettwe exhibit coda difierences between large and small events.  That 

this is true is shown by the results of Table XI.  Here all coda determina- 

tions prior to the arrival ot the PP phase have been omitted, and coda 

differences computed 1 mm the remaining determinations.  With one exception 

(fot the interval 110-115°), coda differences of from 0.07 to 0.18 HL units 

are now observed. We therefore conclude that a statistically significant 

diilerence is observed between large- and small-event codas, and that large- 

event codas are on the average 0.11 m,    units greater than small-event codas 

(aveiage of positive differences only). 

ll large events are multiple events, significant secondary phases 

should be extended in time.  As such, coda decay characteristics for large 

events should be retarded by arrivals from events which may occur following 

the initial event in a sequence.  This effect is shown in Flares 2 through 4, 

which shows that the large- and small-event codas can be brought into coinci- 

dence by shifting the large event codas to earlier relative times.  Kstimates 

tor the time shift, on the order of 1 to 2 minutev, can only be given to the 

nearest minute due to the method usrd to quant'iy the coda. 

Average Coda Determinations 

Two sets of coda determinations will be given, one each for "large" and 

"small" events. 

For  all events, average i' and PKIKP codas (solid line), together with 

their corresponding standard deviations tor the individual coda observations 

(dashed lines) are given in Appendix 11.  Average t  and i'KIKF codas for 

large eve its are shown in Appendix 111. 
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Figure 2. Comparison of large-event and small-event codas, 103o-105o 

distance, with the large-event coda shifted 1 minute earlier relative 
to  the  small-event  coda. 
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Figure 3. Comparison ot large-event and small-event codas, lO^-llO0 

distance, with the large-event coda shitted 1 minute earlier relative 
to the small-event coda. 
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Figure  4.     Comparison of   large-event  and  small-event  codas,   1150-1180 

distance, with  the  large-event  coda shifted  2 minutes  earlier  relative 
to  the small-event  coda. 
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CONCLUSIONS 

From an analysis of 26 small-event (IIL ^_ S.H) seismoRrams recorded at 

a world-wide network ot 10 stations, and ot 2b large-event t«^, H^,   or 

secondary ITL >^ 7.0) seismoprams recorded at a world-wide network ol 16 sta- 

tions, the following conclusions arc drawn with respect to coda-decay 

characteristics for events in the distance interval 103-118°: 

1. The greater the event magnitude, the higher is the relative coda ampli- 

tude for times greater than the arrival time for IT.  At the 95% 

confidence level (one-sided t-test), the mean difference is O.il «^ units. 

2. Differences in relative coda levels for large and small events (though 

they probably exist) are not well observed tor I', NJ««! untl 'TIKI' 

arrivals in the distance intervals 10i-105% 105-110°, 110-115°, 

respectively.  in the distance range 10}-115°, these phases, especially 

thos«. which derive from small events, are generally riot well recovded; 

thus it is difficult to obtain accurate determinaticns ot their relative 

coda levels. 

i.     The retarded coda-decay characteristics for large events support the 

hypothesis that these are multiple events.  Further, the period ot source 

activity is estimated at 1 to 2 minutes. 
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APFKNDIX   1 

Comparison ot iarj;e-e"ent and small-event coda averages; large-event 

coda average shown in bold black; small-event coda average shown in narrow 

black; dashed and da^r.i'. lir.es w'th dots, respectively, indicate 95% 

confidence level for the coda averages. 

1. 101-105° 

2. 105-110° 

3. 110-115° 

4. 115-118' 
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APPENDIX 1I 

Small-event coda averages; dashed lines with dots indicate I one standard 

of the individual coda ohservations. 

1. 10 5-1050 

2. 105-110° 

3. 110-115° 

4. 115-118° 
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Figure AII-4.     Small-event  coda averages,   115-118°. 
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APPENDIX   Hl 

Large-event coda averages; dashed lines indicate ± one standard deviation 

of the individual codi observations. 

1. 103-105° 

2. 105-110° 

3. 110-115° 

4. 115-118° 
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